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Elemental sulphur occures in the volcanic deposits of Batal area in Koh-i-Sultan. The sulphur content in the ore
varies from 17 to over 50%. Sulphur particles upto 80%, could be liberated from the associated gangue at 44-60 mesh
(B.S.S.). The composite ore sample averaging 32.2% sulphur was crushed, ground and floated. Flotation tests on the
composite Batal sulphur ore ground to about 44 mesh size showed a significant response to kerosine as collector and
polyglycol and MIBC as frothers. Effect of different variables such as particle size, pulp density, pH, reagents,
conditioning time and impeller speed was studied on the flotation of sulphur. Final concentrate containing about
80% sulphur at 75.9% recovery was obtained after three cleaning stages. The flotation conditions found optimum
were particle size 60 mesh (80% passing), at pH 2.5 and impeller speed 1000-1200 rpm. The reagent used were
0.3 kg/t kerosine, 0.2 kg/t MIBC and 2.0 kg/t sodium pyrophosphate.
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Introduction

The sulphur deposits in Pakistan occur in Batal and Miri
area at Koh-i-Sultan in the province of Balochistan. The ore
deposits in these arcas were estimated at 170,000 tonnes of
over 25% sulphur and over 250,000 tonnes of about 20%
sulphur [1]. The Koh-i-Sultan sulphur deposits lie between
latitude 29° to 29° 15' 36" and longitude 62° [2,3] in Chagai
district Quetta division. The deposits are 37 km towards north
of Nokundi and about 650 km to the west of Quetta. The
deposits are connected with Nokundi by a jeepable fair weather
road.

Narayanan [4] tested froth flotation of sulphur ore samples
from Koh-i-Sultan. In the rougher flotation 0.16 kg/t crcosote
and 2.7 kg/t sodium silicated was used while in cleaner
{lotation 0.08 kg/t creosote was used. In a single cleaning
operation a concentrate assaying 70 percent sulphur was ob-
tained. The author considered the flotation method to be
unsuccessful becasue of contamination of or¢ with amor-
phous silica.

Gohar et.al. [5] and Qazi et.al [6] have worked on the
bencficiation of Balochistan Sulphur Refinery rejects, con-
taining about 22% sulphur, using flotation method. They have
reported that grades of concentrate containing over 81%
sulphur at 70 and 82% recoveries respectively were obtained.
Bench scale studies on Batal ore indicated that the ore was
amenable to beneficiation by flotation.

Three ore samples from Batal area were collected from a
vertical section, designated as KS-IA, KS-IB and KS-IC, for
the investigation.

The ore samples were irregulare thinly bedded, consoli-
dated and associated with very fine ash that is the host rock for
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sulphur. The rock apparently has been intensely altercd and
bleached by sulphateric action. The gangue materials were
tuff, clay anhydrite etc., although there is about 2.5 percent
walter soluble aluminium sulphate, formed by leaching of
alumina - silicates [7]. The densitics of the ore samples ranged
from 1.86 to 2.06 gram/cm?,

Materials and Methods

Chemical analyses of the sulphur ore, oven dried at 150°,
were conducted on samples KS-IA, KS-IB, KS-IC and a
composite sample made by mixing equal weights of the three
sulphur ore samples. Sulphur determination was done using
carbon disulphide extraction methods [8,9]. For other cle-
mental analysis, conventional wet chemical analytical meth-
ods, spectrophotometer, atomic absorption spectrophoto-me-
ter and optical spectroscope were used (Table-1).

It may be seen that the sulphur content in the ore samples
varied from 17.7% to 50.21%. The major impurities were
silica calcium and sulphate ions. Among the minor impuritics,
selenium, mercury and arsenic were below 10 ppm (accept-
ablc limit).

Liberation study on the individual and the composite
sulphur ore sample was conducted by particle count method
using an optical microscopic. Incach test, the dried ore sample
passing 6.35 mm was ground in a one litre capacity ceramic
pebble mill for 5 min, in dry or wet state (40 percent pulp
density).

Grinding study was carried out on composite ore sample.
The ore was crushed through Karl Kolb (10 x 7.5 cm) labora-
tory jaw crusher and then crusher and then through Denver
crushing rolls (25 cm) to a size 100% passing 6.35 mm. The
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roll product (100 g) was ground in a 5 litre capacity ceramic
pebble mill running at 40 rpm in wet state maintaining 40
percent solids in the pulp.

Portions of pulp were drawn at 5, 10 and 15 min intervals
and subjected to wet sizing analysis. The invidividual size
fractions were dried and weighed.

Flotation study on the composite ore sample was carried
outusing Denver D, laboratory flotation machines. Stainless
steclcells of capacities 5 litre to 500 ml were used in roughing,
cleaning and recleaning operations.

The composite ore for flotation study was wet ground for
5-6min inaceramic pebble mill to get 80% particles passing
44 mesh (liberation size). Grinding time was changed in order
1o get size [ractions 80 percent passing 22, 30, 40, 60 and 100
mesh. Pulp densitics of 10, 15, 20 and 25% solids was
maintained to deteremine the optimum value of pulp density.
The particle size during this scries of tests was kept at 80%
passing 30 mesh.

The effctof reagents on the flotation of Batal sulphur was
studied using kerosine as collector, polyglycol-400 (Cyan-

TABLE 1. CHEMICAL ANALYSIS OF SULPITUR ORES FROM BATAL.
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amid) and MIBC as frothers and sodium phosphate as depres-
sant for gypsum. Amount of kerosine was varied from 0.1 to
0.5kg/t, amount of frothers were changed from 0.1 to 0.4kg/t.
The conditioning time was changed from 2 to 10 min. Froth
was collected atone min intervals. It was dried, weighed and
analyscd for sulphur.

Effcct of pH was studicd using 1000 ml pulp having
particle size 80% passing 30 mesh, at 20% solids. The pH was
changed from 2.5 t0 9.5.

In the cleancr flotation circuit, the rougher concentrate
obtained, using optimum conditions, was ground to a product
80% passing 60 mesh. A pulp density of 10% solid was used
and the pH was kept at natural value (6.0-6.2). The recagent
requirement at the clcaning stage was nominal. The first
clcaning concentrate was recleancd in two subsequent steps.

Flotation concentrates were dewatered using Denver bench
pressure filter. The moist concentrates were oven dried at 70°.

Results and Discussion
The sulphur ore KS-IA a tendency to disintegrate on wet
grinding. This may bc due to weak cementing of sulphur
particles with tuff and clay. It may be scen from Table-2 that

Constituents ~ KS-JA KS-IB KS-IC  Composite on wet grinding, over 83% sulphur particles were liberated at
30 mesh, while in dry grinding operation such an order of
S (Wt.%) 17.7 502 33.0 322 liberation could only be acheived between 60 and 100 mesh
SiO, 51.0 35.7 S1.1 46.8 sz,
Fe,0; 00.5 00.9 02.7 01.5 The sulphur sample KS-IB was rather hard and massive
ALO, 02.6 02.2 02.9 02.8 although it behaved almost similarly as KS-IA. Sulphur par-
Cao 09.9 02.5 01.9 04.9 ticles could be liberated upto 80% (rom gangue, between 44
MgO 00.1 00.1 00.2 00.1 and 60 mesh on wet grinding.
Na,0 00.03 002 00.2 00.1 The ore sample KS-IC was slightly lumpy but had appre-
K0 00.02 00.05 00.09 00.05 ciable amount of fines. The ore was somewhat resistant to
Cl' (ppm) 290 215 260 254 grinding. There was no significant difference in the liberation
Ni 42 60 48 53 on dry and wet grinding. About 80% sulphur particles were
Se <10 <10 <10 <10 liberated at 60 mesh.
Cd 740 810 925 820 Liberation study on the composite sample showed that
Pb 10 14 12 10 about 80% sulphur particles were relcased from the associ-
Hg <l <l <1 <1 ated ganguc at 60 mesh size. At 100 mesh about 90% sulphur
As <10 <10 <10 <10 particles were liberated. It was concluded that grinding be-
TABLE 2. LIBERATION STUDY OF BATAL ORE SAMPLES ON DRY AND WET GRINDING.
Dry Grinding Wet Grinding
Size KS-1A KS-IB KS-IC ] Composite KS-1A KS-IB KS-IC Composite
mesh Cum.wt% FreeS Cumwt% FreeS Cumwt% Free § Cum.wt% Free S Cum.wt.% Free S Cum.wt.% Free§ Cumwt% FreeS Cumwt% Free §
(BS.S.) Retained Vol.%  Retained Vol.%  Retained Vol.% Retained  Vol.% Retained  Vol.% Retained Vol.% Retained Vol.%  Retained Vol.%
+30 187 536 173 473 1738 571 243 553 04.0 837 309 740 054 695 173 723
44 393 640 343 684 354 659 354  66.1 083 868 39.9 857 178 732 324 81.9
60 625 779 526 872 560 782 554 795 176 889 480 905 308 819 462 87.1
100 744 866 624 927 703 85.6 67.3 88.1 352 1932 57.4 94.1 46.4 90.6 619 92.6
150 95.0 904 945 949 849 913 879 96.2 41.0 983 60.3 98.7 50.4 98.0 703 98.3
150 100.0 945 1000 992 100.0 99.4 1000 986  100.0 999  100.0  99.8 100.0  99.9 100.0 99.6
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yond 100 mesh was not beneficial. In actual practice, grinding
to below 44 mesh was considered sufficient for rougher flo-
tation.

Grinding study. Wet grinding of composite Batal sulphur
ore showed that about 80% of 44 mesh particles (liberation
size) might be obtained on grinding for 5-6 min., whereas
about 90% particles passing 44 mcsh could be obtained on
grinding for 12-13 mins. On increasing the grinding time
beyond 6 mins. however, excessive fines were generated.
These fines, which were predominantly those of gangue
minerals reported in the froth during flotation, resulting in
lowering the grade.

Flotation study. Prcliminary {lotation tests on composite:

Batal sulphur ore ground to liberation size was  conducted in
order to determine suitable conditions. A systematic study was
carricd outtodetcrmine theeffect of particle size, pulp density,
pH, rcagents, conditioning time and impcller speed on the
flotation of sulphur. ;

Particle size had a significant effect on the grade and
recovery of sulphuras it wasreduced from 22 mesh to 60 mesh
intherougher feed. Onreducing the particle size further to 100
mesh the grade, as well as, recovery of sulphur, was reduced.
Microscopic examination of rougher concentrate showed that
fine particles of gypsum co-floated along with sulphur. it was
concluded that grinding the Batal ore beyond 30 mesh was not
yiclding particularly higher grade or rccovery of sulphur,
whereas the power consumption on fincr grinding would be
excessive. In the subscquent flotation trials, particle size of
80-85% passing 30 mesh was maintained.

The effect of pulp density at lower contents of solids
(10-15%) did not show noteworthy difference in the grade or
recovery. At 20% solids and beyond, the grade and recovery
showed a decline. It was decided to conduct further tests at
20% solids, at which a higher throughput may be handlcd,
although at slight loss in the grade and recovery.

The increase inthe pH from 2.5 to 9.5 had a positive
effect on recovery which increased from 92 to 95% but the
grade in the rougher flotation fell from 57.5% sulphur to 54.8.
The natural pH of the pulp was 2.0-2.5,addition of lime was
necessary to raise the pH. It was considercd adequate to

TABLE 3. EFFECT OF pH ON THE FLOTATION OF BATAL
SULPHUR ORE.

pH
25 457 1095
Sulphur in feed (%) 2% ol x| .- iy Y1
R. Con. (% wt) et % aes. T
Grade (% S) 570 9 71 54%

Recovery (% S) . 9273 934 946 = 950

conduct rougher flotation at natural pH and recover as much,
sulphur valuesin the scavenger cell, as possible. This would
reduced the cost of lime addition.

Sulphur is a naturally floating mincral, however, addition
of kerosine as collector significantly improved the grade and
recovery of sulphur. Addition of 0.1-0.5 kg/t kerosine im-
proved the grade from 52.1 to 56.1% whereas, the recovery
showed considerable improvement which was increasced
from 56.8 to 91.82%. It was, however, noticed that the in-
crease in the grade and recovery beyond the collector dosage
of 0.3 kg/t did not show any significant improvement.

The effect of frother on the flotation of Batal sulphur
showed that the grade and recovery increased with an increase
in the frother. A maximum rccovery of 96% was achieved
using 0.2 kg/t MIBC or 0.3 kg/t polyglycol-400. It was noted
that MIBCyiclded the same extent of grade and recovery at
33% less consumption as compared to polyglycol.

Effect of the addition of depressant for the gangue gyp-
sum on the flotation of Batal composite sulphur orec was
studied. Several preliminary trials using sodium silicate, tri-
polyphosphate, sodium pyrophosphate etc. were used. It was
found that sodium pyrophosphate gave better results. A dos-
age of 2.0 kg/t sodium pyrophosphate was adequate for de-
pressing gypsum.

The conditioning time had a significant effect on grade
and recovery of sulphur. It may be scen from Table-4 that the
grade and recovery increased with increase in the condition-
ing time upto seventh minute. Beyond this the recovery was
found to decrease, while the grade remained unchanged.

Effcct of impeller speed indirectly affected the grade and
rccovery of sulphur. In a large capacity cell (5-8 litre) and at
a pulp density of 20% solids or more, impeller speed below
1200 rpm did not provide sufficient mixing and acration of the
pulp. The surface layers remaincd almost undisturbed. It was
found that at 1300-1500 rpm thorough mixing was achieved.
In small cells, on the other hand (500 ml™ litre), impeller speed
of 1000-1200 rpm was found sufficient. At pulp densitics
lower than 15% solids, impeller speed of 1000-1100 rpm was
considered adequate. ]

While studing the effect of flotation time it was noticed

TastE 4. ErricT o CONDITIONING TIME ON THE FLOTATION
OF BATAL SULPHUR.

Conditioning Time (minute)

2 5 7/ 10
Sulphur in feed (%) 319 314 320 31.8
R. Con. (% wt) . 47.5 S 52529 Sk
R. Con. Grade (% S) 52.7 8.7, . 1 574
Recovery (% S) 78.4 94.7 954 992
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that about 74 % sulphur was recovered in the froth, during the
first min of flotation. By third minute, over 96% sulphur was
recovered. During further 2 mins of flotation only 2.5 sulphur
was recovered (Table 5).

It may be concluded that the rougher concentrate may be
collected upt 2 mins, whereas scavenger concentrate may be
collected for the subsequent period of 3 mins. The overall
grade of this scavenger concentrate would be over 15%
sulphur. The grade of scavenger concentrate could be im-
proved, however, on reducing this time to 1.5-2 mins.

TABLE 5. ErFecT oF FLOTATION TIME ON GRADE AND
RECOVERY OF BATAL SULPHUR.

Product Weight Grade S. Distri- Reocvery Cum Cum Re-

%o %S bution% %S Grade covery

%S %S

Head  100.0 32.1 32:1 100.0 32.1 100.0
Istmin  39.2  60.7 23.8 74.1 60.7 741
2ndl Lie 0.9 6508 3.5 17.1 98 5am 912
3d 6.9 =251 1.7 53 544  96.5
4th “ 7.5 92 0.7 22 49.1 = 98.7
5th “ 47 43 0.1 03 48.0 99.0
Tails ol b B 0.3 1.0 32.1 100.0

*Also contained 2.4 percent of the water soluble salts in the ore (e.g.
aluminium sulphate).

TABLE 6. CLEANER CONCENTRATE OF BATAL SULPIUR ORE.

Rougher Cleaner
Particle size (80% passing) mesh 30 60
Pulp density (% solids) 20 10
pH 2 6.5
Impeller speed (rpm) 1000 1000
Rcagents (kg/t) ’
Kerosine 0.3 0.08
MIBC 0.2 Nil
Sod. pyrophosphate 2.0 - 2.00
Production Weight Grade Distribution Recovery
% %S %S %S
Head 100.0 32.1 32.1 100.0
R. Con 54.6 56.7 30.9 96.3
R. Tails 45.4%* 2.6 1:2 3.7
ClL. Con.I 420 65.9 27.6 86.0
CL Tails I 12.6 26.0 3.3 10.3
CL Con. II 329 75.0 249 77.6
CL. Tails I1I 9.1 29.7 2.7 84
Cl. Con. III 304 80.1 243 73.1
Cl. Tails III 25 239 0.6 1.9

* Also contained water soluble (2.4%) aluminium sulphate in sulphur ore.

The rougher concentrate after three cleaning steps yiclded
a product containing about 80% sulphur. It may, however, be
visualized (Table-6) that the cleaner tails I, I and III altogether
corresponded to 24.2 weight percent and assayed about 27%
sulphur. This is very near the fecd grade to the rougher circuit.
Onrecycling these tails, a higher recoveries may be expected.

Further R & D work on pilot-plant may be conducted on
continuous basis in order to simulate the plant conditions and
to calculated the materials balance.

Conclusion

The Batal sulphur ore contained variable amount of
sulphur ranging from 17 to 55%. A composite ore sample was
blended from three bulk ore samples assaying 32.2% sulphur.
The amounts of objectionable elements such as Se, Hg, As, Cd,
Pb, were within limits.

The ore was amenable to beneficiation using a flotation
technique. The flotation paramcters on which optimum grade
and recoverics could be obtained were:

Grinding the ore to 80% passing 30 mesh (B.S.S) in
roughing and to 60 mesh in cleaner flotation.

Maintaining a pulp density 20% solids during rougher
flotation and 10% solids during clcaning.

Natural pH of 2-2.5 was uscd during roughing and 6.0-6.5
during cleaning.

The impeller speed found adequate was 1300-1500 for 6-
8 litre cells (Denver D12) and 1000-1200 for upto 2 litre cells.

The rcagent consumption found suitable was 0.3 kg/t
kerosine, 0.2kg/t MIBC 2.0 kg/t sodium pyrophosphate. Very
litle additional reagents were required for cleaning. However,
2.0 kg/t sodium pyrophosphate was required at each cleaning
step.

The concentrate grade after three cleaning steps was
found to be about 80% sulphur over 75% recovery. The
recovery, however, may possibly by enhanced by recircula-
tion of cleaner tails.
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